China is one of the most rapidly growing economies in the world and this growth is underpinned by growing demand for natural resources to meet base and precious metals and energy requirements. Even though China is currently the largest producer of several mined commodities, such as gold and the rare earth elements, meeting the future demands for metal consumption will require China to either develop new mining projects or increase material imports. In terms of nuclear energy requirements the country still depends on uranium imports. To meet this growth in Chinese demand, there has been a strong interest in technologies suited for mining and processing of low grade ore bodies. Percolation leaching methods have been very effective in extracting metals from low grade ores, which could not otherwise be economically extracted. Percolation leaching techniques, such as heap leaching, dump leaching, bio-leaching and in-situ leaching have been extensively employed in the Chinese mining industry in recent decades to primarily extract gold, copper, rare earth elements and uranium. This paper discusses the application of various percolation leaching techniques in the Chinese mining industry and offers a scientific and extensive literature overview on technology developments in commercial percolation leaching operations in China. It also presents the 3 current challenges of percolation leaching and recent technological and research developments and regulatory frameworks pertaining to the application of percolation leaching in China. The future directions of percolation leaching in the Chinese mining industry will also be presented to extract the low grade natural resources both economically and in an environmentally sustainable manner.
Introduction
China is the world's largest producer of coal, gold and rare earth elements (REEs) and has more than 10,000 active mines. In addition, being the most populated country and the largest developing country, most mined resources are used by China, such as coal (50% consumption share of world production in 2014), iron ore (56% in 2014) and copper (64% in 2014) (Roberts et al., 2016 ; World Energy Council, 2016; Ministry of Land and Resources of the P.R. of China, 2017a). China's depleting ore reserves and relatively short life span of mines contribute to shortfalls in local metal production. This will lead to an increase in the country's metal imports (BMI Research, 2017 ) and prompt additional mineral exploration, mine development and strategies to optimise metal extraction efficiencies. The Chinese National 13 th five-year plan (2016) (2017) (2018) (2019) (2020) recommends low carbon, clean, safe and modern energy systems (e.g. replace coal power generation with nuclear power) (Xing et al., 2017) . In order to develop the Chinese economy and society in a way that contributes to sustainable development and environmental stewardship, metal recovery from natural resources should be increased and optimised through improved recovery efficiencies and minimising waste generation in the primary metal extraction process.
There has been a substantial decline in mined ore grades in China over the past few decades and thus processing of existing low grade reserves is viewed as vital in order to fulfil the country's metal requirements and exports (BMI Research, 2017) . Even though several mineral processing techniques are used to extract metals from metallic ores, most increase cost and decrease efficiency as the ore grade decreases (Norgate and Jahanshahi, 2010) . Waste rock volumes produced through surface and underground mining activities are typically considered as potential sources of environmental pollution since these can produce leachate enriched in metal ions over time (Amos et al., 2015; Fernando et al., 2018a ). This could lead to acid mine drainage (AMD) and subsequent pollution of soil, surface and ground water once metals and dissolved species mobilise. In addition, mine waste rock volumes may contain a significant amount of metal resources and are now targeted as potentially viable resources in the mining industry (Lèbre et al., 2017) . Thus, it is important to find effective ways to utilize these secondary resources. Considering all of these aspects, percolation leaching is vital in the development and sustainability of the Chinese mining industry. This technique has mainly been used to produce gold, copper, REEs and uranium.
Percolation leaching can be defined as selective metal extraction using a suitable leaching reagent, which seeps into and flows through ore masses or crushed ore piles that contain the mineral grains (Ghorbani et al., 2016) . The percolation leaching technique is typically categorized into heap leaching, dump leaching, in-situ leaching (ISL), vat leaching and agglomerated fines heap leaching (i.e. heap leaching using agglomerated particles). Table 1 summarizes these techniques and their key operational features (John, 2011 ). 
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Heap leaching is a hydrometallurgical technique that is far less sensitive (economically) to low grade ores compared to other mineral processing techniques (Ilankoon and Neethling, 2016; Petersen, 2016) . The crushed (-25 mm particles) and/or agglomerated ore is piled to construct the heap and leaching solution is applied to the top, percolated through the ore and the pregnant solution, enriched with dissolved metal ions, is collected from the bottom of the heap. Heap leaching is typically coupled to solvent extraction and electro-winning (SX-EW) circuits for subsequent metal extraction (Liu et al., 2016a, b) . Thus, heap leaching is relatively simple and economical process for extracting metals from low grade ores, waste dumps, tailings and complex ores (Vladimir, 2015) . It has also become a major world contributor for the production of gold, silver, copper and uranium (Padilla et al., 2008) . Heap leaching has also been considered for nickel (Oxley et al., 2016) , zinc (Petersen and Dixon, 2007; Lizama et al., 2012) , platinum group metals (Mwase et al., 2012) and electronic waste recycling, such as printed circuit boards (Ilyas et al., 2013) . However, the recovery in heap leaching is relatively low and slow compared to other separation techniques, such as froth flotation followed by smelting, while the capital costs of this technique are relatively low, which makes it an attractive option (Bartlett, 1992; Ilankoon and Neethling, 2012 . Ghorbani et al. (2016) discussed the current status of heap leaching operations. Heap leaching has also attracted wide attention in the Chinese mining industry in recent decades (e.g. Qiu flow, but gas phase is typically absent) does not employ a bed of ROM or crushed ore. Leaching reagents are injected from injection wells and flow through adequately permeable ore mass or particles. The metal enriched solution is then extracted from production wells for subsequent metal extractions (Bartlett, 1992) .
ISL has widely been applied to produce uranium (Mudd, 2001a (Mudd, , 2001b and notably for heavy rare earth production in Southern China. However, the application of ISL to other commodities has been far more limited.
This paper discusses the current state of percolation leaching techniques in the Chinese mining industry, associated drawbacks and recent changes and developments with respect to the Chinese government's mining industry priorities. The main metals produced via percolation leaching are also discussed including key industrial operations in China. The article also discusses effective metal extraction from low grade ores, through leaching based techniques, without compromising environmental sustainability.
Metal production and consumption in China
Considering the main metals that are produced by percolation leaching in the Chinese mining industry, the domestic production and consumption (i.e. the use of each metal or metal containing product by the Chinese manufacturing industry) data of gold, copper, REEs and uranium in the last 10 years is assessed.
Gold production and consumption
Figure 1 compares gold production and consumption data. A gradual growth in production is seen, where the contributing factors were the increase in substantial demand by the investment sector (e.g. bar and coin demand, physical bar demand) and higher commodity prices through this period. New gold deposits were explored to cater for this demand and the reserves (i.e. economically extractable or producible at the time of determination) thus increased from 1,200 tonnes in 2005 to about 2,000 tonnes in 2017. In 2016, total
Chinese mined gold production was about 455 tonnes and China has become the world's largest producer for the last 10 years (Zhang, 2012a, b; Zhang et al., 2015; U.S. Geological Survey, 2017). Gold ores contributed to 87% of the total production in 2016, whereas the rest was attributed as by-products of nonferrous metals. According to BMI Research (2017) estimates, China's gold production will have an annual growth of 0.3% during 2017-2021 and the approximately stagnant gold production during this period will be about 16.5 million ounces or 468 tonnes of gold. However, the currently predicted gold growth rates are significantly lower than the previous five years (i.e. 7.1% per annum during the period of 2012-2016).
In comparison, the national gold consumption was 975.4 tonnes in 2016 and China was the world's largest gold consumer for 4 consecutive years (Mosher, 2016; Thomson Reuters, 2016) . This implies that substantial gold imports to China are occurring. 
Copper production and consumption
Figure 2 illustrates the Chinese total copper production (both primary and secondary) in last 10 years. The primary copper production includes the production of copper concentrates, electro-won (EW) copper cathodes produced from leaching followed by solvent extraction and electro-refined (ER) cathodes (produced from concentrate smelting and electro-refining), whereas recycling and re-used components account for the secondary copper production. The total copper production was 8,436 thousand tonnes in 2016, which indicates 6.1% growth compared to 2015. Gold (tonnes)
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Gold production Gold consumption previous five years (i.e. 2012-2016). Thus the estimated mined copper production will be 1,792 thousand tonnes and 1,978 thousand tonnes in 2017 and 2021, respectively. Total production significantly exceeds mined production due to the inclusion of copper sourced from imported concentrates and semi-refined copper (i.e. blister copper or copper mattes), as well as secondary production. However, the copper consumption data generally exceeded the total production with a significant increase in consumption seen over the years, implying the need for importation of refined copper. 
REE production and consumption
The REEs constitute a total of 17 elements including the 15 lanthanide elements (from lanthanum -atomic number 57 to lutetium -atomic number 71) (Gschneidner, 1964) , and commonly also scandium (atomic REOs (thousand tonnes)
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REOs production REOs consumption 2016). In addition, the Chinese government imposed an export duty (10-25%) on rare earth products to control exports in 2007 (Tse, 2011) . Due to these policies, a dispute against China was lodged at the World Trade Organisation (WTO), instigated by the European Union (EU), Japan, and the United States (Wübbeke, 2013) . Following the loss of the WTO dispute, China has adjusted the export policy of REOs and also consolidated REE producing companies (Biedermann, 2014) , and it is supposed that the change of policies contributed to the increased production since 2012 (Shen et al., 2017) . Wang et al. (2017) predicted that China's REE production would peak in 2038-2045 with a production peak of 265-385 thousand tonnes and these can be used to propose future policy recommendations.
Since 2000 China's rare earth consumption also increased rapidly and the consumption in 2014 (i.e. latest consumption data) was about 450% compared to 2000. The main industries that accounted for this consumption are magnets, metallurgical, chemical and petroleum, ceramics and glass, agriculture and textile, and hydrogen storage (Tse, 2011) .
Uranium production and consumption data
Uranium production in the world was 62,366 tonnes in 2016 and Kazakhstan produced the largest amount of uranium (39.4%) followed by Canada (22.5%) and Australia (10%). China produced 1,616 tonnes of uranium in 2016, which is only 2.6% of the world's production. Uranium contributed to fulfilling 2.4% of 
Percolation leaching in the Chinese mining industry
Percolation leaching techniques (heap and in-situ leaching) are typically employed to produce gold, copper, REEs and uranium in the Chinese mining industry.
Gold heap leaching
Heap leaching contributed to about 17% of global gold production in 2014 (Vladimir, 2015) , having increased from 9.6% (236 tonnes) of global gold production in 2004 (Marsden, 2006 ). Marsden's (2006) data indicated less than 1% of Chinese production from heap leaching in 2004, although importantly he was unable to account for the extraction method used for 52% of China's total gold production in 2004.
This implies the unavailability of exact heap leaching based gold production data for all the key mining The gold output of Zijin Mining Group, which owns many gold mines in China, was 42.6 tonnes in 2016 and 57% of that was produced in China (Zijin, 2017a) . Zijinshan gold mine is one of the largest gold heap leaching operations in China owned by the same group (section 4.1) and the gold production from heap leaching accounts for more than 80% of the total production of the mine (He, 2006; He and Zhang, 2006) .
Copper heap and dump leaching
Heap leaching based copper production in the world was about 16% of total copper production in 2014 with all the major heap leaching facilities located in Chile (Vladimir, 2015 the application of heap and dump leaching (both conventional and bio-leaching depending on ore geology).
The exact proportion of copper production by heap leaching in China is not accurately reported, but Li 
Percolation leaching of ion-adsorption type REEs
The proportion of REEs production using heap or in-situ leaching has increased to about 10% in China and the technique has been mainly employed in southern China including Jiangxi, Guangdong, Fujian, Guangxi and Hunan provinces (Zhou et al., 2012) . China owns the largest reserves of REEs in the world (Li and Yang, 2016 Li and Yang, 2016) . Since percolation leaching is applicable to ion-adsorption type rare earth ores, processing of these will only be discussed in this work. Other rare earth minerals, such as bastnaesite and monazite are complex and difficult to process, often require multiple leaching, purification and separation stages that need to be performed in closed systems due to the formation of passivation layers when leaching and thorium and uranium exposure risks (thorium and uranium often substitutes REEs in monazite minerals).
Ion-adsorption type deposits, also known as ion-adsorption clays, account for 2.9% of China's total REE reserves (1 million tonnes of REOs). These ores are the cheapest and most accessible source of heavy rare earths, but have not been discovered anywhere else in the world Packey and Kingsnorth, 2016 ). Ion-adsorption type rare earth ores, which are rich in medium and heavy REEs (e.g. yttrium), are more valuable than light REEs, and consist of more than 80% of word's total heavy rare earth reserves 
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Uranium percolation leaching
Major uranium minerals include autunite (Ca(UO2)2(PO4)2•nH2O), pitchblende (U3O8), uraninite (UO2), Heap leaching based uranium production from hard-rock uranium ores accounted for 10.5% of the total uranium output in China in 1990 and it has greatly increased in recent years ( Table 2 ). The main products are ammonium diuranate, ammonium uranyl tricarbonate, uranium peroxide, triuranium octoxide and uranium dioxide (Zeng et al., 2002a ).
Low grade uranium ores hosted in hard-rocks in southern China are typically processed using sulphuric acid based heap leaching techniques (acid curing-ferric heap leaching) with the particle size less than 10 mm. The process flow-sheet includes ore crushing, concentrated acid curing, ferric sulphate leaching, tertiary amine solvent extraction followed by uranium precipitation and residue disposal (e.g. as a backfill 
In sulphuric acid leaching quadrivalent uranium ( 2 ) is insoluble, while hexavalent uranium ISL of uranium ores with cut-off grade of 0.01% uranium and less carbonate content is significant considering its share of the total uranium production (e.g. in Kazakhstan) and its contribution, in terms of total uranium production in the world, was more than 50% in 2014 (48% in 2016). Table 2 Despite these advantages, ground contamination usually occurs and thus ground water restoration, similar to heap decommissioning after heap leaching is mandatory once uranium ISL operations cease ) and this is addressed in detail in section 5.6. Uranium ions in the pregnant solution are extracted using ion exchange (for low uranium concentrations), amine solvent extraction (i.e. tri-fatty amine extraction and sodium carbonate back extraction followed by sodium hydrate to precipitate sodium diuranate) and precipitation (Su et al., 2002a, b) .
Main percolation leaching operations in China
The main mining operations contributing to the production of gold, copper, REEs, and uranium using percolation leaching (conventional heap and bio-leaching, dump and in-situ leaching) in China's mining sector are discussed to highlight the ore types, operational conditions and key metal extraction aspects.
Zijinshan gold mine
Zijinshan gold mine was started in 1993 by Zijin mining company, which is the most profitable gold producer in the Chinese gold industry. Full scale operations at Zijinshan gold mine was started in 2010. It employed sodium cyanide based heap leaching to extract gold from low grade ores ( The application of heap leaching for this project was thus not recommended due to high humidity and rainfall around Zijin Mountain. However, Zijin mining has started to treat low grade gold ores through heap leaching operations as the average grade in recent years is less than 0.5 g/t (Table 3) 
Zijinshan copper bio-leaching mine
Zijinshan copper mine is located in the southeast of China (Shanghang County, Fujian province) and is now 
Heap and in-situ leaching of ion-adsorption type rare earth ores in southern China
Considering the small size of ion-adsorption type rare earth deposits and scale of operations, individual mining operations are not identified and the general extraction methodologies used in southern China are discussed instead.
Commercial extraction of REOs using ion-adsorption type deposits was initially performed by tank or heap Each ISL project requires a detailed geological and geotechnical survey as a prerequisite and necessary parameters are the hydrogeological structure of the potential mining area, permeability of surrounding host rock, ore geology, rare earth ore characteristics, ore grade and composition, and total ore reserves.
Otherwise, ISL operations would result in recovery efficiencies as low as 5% (Zhao, 2000; Yang et al., 2013) and high production costs (Zuo, 2012).
Main uranium percolation leaching operations
Individual uranium operations in China have not been explicitly discussed in the percolation leaching literature and this could be due to the importance of uranium as a strategic resource being extracted by the state owned bodies. Zhang (2012d) identified six uranium production centers in China, namely, Fuzhou and Chongyi (Jiangxi, east China), Lantian (Shaanxi, central China), Benxi (Liaoning, northeast China), Shaoguan (Guangdong, south China) and Yining (Xinjiang, northwest China), where uranium extraction in Fuzhou mine is based on conventional acid leaching. The key percolation leaching operations are summarised in Table 5 . ). However, the Erlian sandstone deposit is found to be unsuitable for ISL due to low permeability (WNA, 2017b).
Challenges of percolation leaching in the Chinese mining industry
At present, the biggest challenges for China's mineral resources exploitation are declining ore grades, increasing mine depth, complexity of ores, minimising environmental impacts during mining activities and mine rehabilitation. These challenges are associated with higher production costs and create difficulties when selecting and optimizing mining, mineral processing and metallurgical separation and production systems. Percolation leaching is widely used for the treatment of low grade ores with the main factors that affect leaching recovery being ore types, particle size distribution, gangue minerals, heap scale, permeability, leaching time and leaching environment (e.g. ore geology and hydrological factors in ISL).
The analysis in this work of gold, copper, REEs and uranium mining based on percolation leaching in the Chinese mining industry implies that the challenges are also specific to different metal processing routes.
For example, liquid channelling and less bio-leaching potential of sulphide ores limit recoveries in copper heaps and dumps, while ISL of uranium ores requires that extensive mine site rehabilitation is undertaken once mining operations cease. The main challenges and associated developments of percolation leaching with respect to the Chinese mining industry are highlighted in detail. Heaps are often constructed using dump trucks and this leads to particle segregation since ores have a wide size distribution. The variations of bulk density and permeability (low bulk density means less resistance to flow and hence high permeability) across the heap are thus observed. If the ore has significant quantities of clay, localised low permeability regions also form within the rock mass. The introduced liquid flows preferentially to high permeability inter-particle spaces surrounding these low permeability areas (i.e. shortcircuiting of fluid flow) (Yusuf, 1984; Bartlett, 1992 
Acid, water and iron balance in heap leaching operations

Accumulation of waste dumps and tailing dams, stability and AMD
Waste dumps that contain low metal content have been a challenge in the Chinese mining industry. The waste dumps occupy a significant land area (e.g. Dexing copper dump) and negatively affect the environment and human health (e.g. AMD). Even though the ores in waste dumps are very low grade, the metal content is significant considering the overall ore volume and thus metal extraction of these ores is encouraged. However, metal extraction is challenging in dump leaching considering the wider particle size 
Environmental pollution caused by ISL of ion-adsorption type rare earth ores
The Chinese government supports sustainable utilisation of ion-adsorption type rare earth resources in Yang (2016) identified that ISL must be improved to optimise rare earth extraction efficiencies as well as minimising the adverse environmental impacts.
Unregulated REEs extraction from ion-adsorption type rare earth ores
Since ion-adsorption type rare earth ores are easier to process, are more valuable and do not contain radioactive elements compared to other rare earth ores (section 3. The economic impacts of illegal ion-adsorption type rare earth ore mining to the local mining industry are well documented. Once the unregulated miners extract the high grade fraction on a large scale, the future resource potential of the area will be significantly reduced. This is due to mining activities without a mine plan whereas in formal mining operations, the mine life can be maximised by mixing high and low grade ores. However, this is typically not the case in illegal mining of ion-adsorption type rare earths. In addition, the environmental impacts are often neglected in illegal mining activities and could cause significant subsequent health problems (Packey and Kingsnorth, 2016) .
In order to reduce black miners in the Chinese rare earth industry the government has shutdown several illegal mining sites and processing facilities. In addition, a significant amount of rare earth concentrates have been confiscated. Since the attempted elimination of black miners has resulted in limited success, other approaches have been recommended by the Chinese authorities. The Chinese ministry of industry and information technology (MIIT) and the China ministry of land and resources (MLR) have both set the same rare earth production quota since 2010 in order to limit over-quota production by illegal miners (Tse, 2011) .
The current policies (e.g. rare earth development plan, 2009-2015) will only approve new ion-adsorption type REE mining and separation projects, which have a minimum capacity of 3,000 tonnes/year (Tse, 2011) .
These plans and regulatory approaches should minimise illegal REE mining in China.
The downstream production of rare earth products, such as permanent magnets, phosphors, hydrogen storage materials and abrasive polishing materials is also encouraged in China's 12 th five year plan. The proposals aim to integrate all rare earth mines and extraction facilities in the country with six state enterprises. This would give the control of about 90% of the world's rare earth supply to the government and establish China's dominance on the local and international rare earth market (Tse, 2011; Wübbeke, 2013; Stanway, 2015; Packey and Kingsnorth, 2016) . More detailed discussion of this aspect is outside the scope of this work.
Ground water restoration and site reclamation in uranium ISL
ISL of uranium could pollute the environment in two main ways, namely, pollution of ground surface due 
New developments and research in the Chinese mining industry
There have been new research studies and regulatory frameworks to improve economic and environmental constraints for percolation leaching in the Chinese mining industry.
Enhance micro-cracks in ore particles
The rate of metal extraction in heap leaching depends on micro-pores, cracks and accessibility of leach clay type rare earth ores in Ganzhou, South China and found that they contain 92% in total of kaolinite and quartz. The remaining iron and titanium containing minerals (1.72 wt. %) were feldspar, biotite, muscovite, titanomagnetite, pyrite, ilmenite and limonite. In order to use these tailings as raw materials for the ceramic industry, initial removal of the Fe 2O3 content of 2.11 wt. % is suggested, otherwise a brown colour is imparted to the ceramic products (Chinese standard for ceramic industry applications recommends maximum 1.8 wt. % Fe2O3). Size separation followed by magnetic separation were performed to remove iron-bearing minerals, such as titanomagnetite and limonite content. The iron content in kaolinite could be further reduced by sodium dithionite (Na2S2O4) treatment (Wang et al., 2016a).
Strategies to improve permeability and leaching rate in percolation leaching
In order to increase the permeability and uranium leaching rate, surfactants were added in uranium column and agitation leaching experiments pertaining to ISL of uranium ore (Cai et al., 2013) . Lü et al. (2016) employed surfactants, such as fatty acid methyl ester sulfonate (MES), sodium dodecyl sulfate (SDS) and Tween-80 and it was found that the SDS increases the permeability coefficient and leaching efficiency by 
Proposed regulations and development plans relevant to percolation leaching
The Ministry of Science and Technology of the People's Republic of China commissioned the 13 th fiveyear national science and technology innovation plan in 2016, which promotes geological prospecting and in-situ bio-leaching of copper, gold and uranium ores (Yin et al., 2018) . This highlights the significance of ISL in the Chinese mining industry. The 13 th five-year plan and one of the five development ideas proposed by the central committee of the communist party strongly supports ecological environment protection. In order to achieve this objective, green uranium mining and metallurgy plans have been proposed. Research and development frameworks and major demonstration projects will be targeted in the future in China to improve mining safety and ensure environmental protection (Su and Xu, 2017 However it is difficult to compare the results of studies of REE processing options due to differences in the product obtained from leaching of ion-adsorbed rare earth deposits (heavy REEs dominant) and other REE deposit types (light REEs dominant) (Weng et al., 2013 (Weng et al., , 2016 Lee and Wen, 2017) . Further research in this area is important to enable evaluation of the environmental performance of percolation leaching processes, so that opportunities for process improvement can be identified.
Conclusions
This paper reviewed the percolation leaching techniques employed in the Chinese mining industry and that have been typically used to treat low grade gold and copper ores, ion-adsorption type rare earth ores and both hard rock and sandstone type uranium ores. Heap leaching is a well-established hydrometallurgical extraction technique and it has been widely applied to process base metals, such as copper and precious metals, such as gold in the last 50 years. It has been applied in low grade gold and copper ore processing in China including the microorganism assisted leaching (i.e. bioleaching) of secondary sulphide ores. Dump leaching of copper tailings possesses typical challenges in operation, such as uneven permeability due to wide particle size distribution and liquid channelling.
Heap leaching has been adopted to treat low grade hard-rock uranium ores in China. The ISL method has been employed to treat sandstone type uranium ores due to its favourable metal extraction efficiencies and ability to alleviate radioactive contamination. The technique has also attracted wide attention in the Chinese mining industry with its application to ion-adsorption type rare earth ores. Ion-adsorption type rare earth ores were initially processed using tank and heap leaching, which caused severe environmental pollution in southern China. The Chinese government eventually banned tank and heap leaching to process ionadsorption type rare earth ores in 2011 and ISL was recommended, instead. However, the main on-going concern of ISL is the possible environmental contamination due to the mobilisation of leaching reagents through host rocks and interactions with ground and surface water and soil. Another challenge in ion-adsorption type rare earth mining is the illegal mining activities in China due to relatively easy processing routes of these ores. However, the Chinese government identified the importance of ISL in the future and recommended sustainable ISL based mining methods to exploit low grade uranium ores and ion-adsorption type rare earths.
The environmental implications of percolation leaching methods represent a set of unique challenges in the Chinese mining industry. Gold and copper heap and dump leaching based AMD problems were identified and mitigation strategies need to be extensively adopted to preserve surface and underground water bodies.
Even though ISL operations have been recommended to process uranium ores and ion-adsorption type rare earths, effective mine site rehabilitation plans should be developed and adopted rather than imposing legal frameworks, such as the ban on heap leaching to treat ion-adsorption type rare earth ores. The Chinese government's recent proposal to design ISL based green uranium mining facilities highlights the importance of employing percolation techniques in a sustainable manner.
Considering the future directions of percolation leaching in the Chinese mining industry, implementation of novel research and developments to optimise metal extraction efficiencies and life cycle assessment analysis prior to mining activities is recommended. Extensive research studies on the viability of ISL for hard rock ores, low permeability deposits and deeper ore bodies and mine site restoration after ISL activities need to be carried out to enhance recovery efficiencies and extend the application of the ISL technique in the Chinese mining industry. http://www-pub.iaea.org/books/IAEABooks/6935/Recent-Developments-in-Uranium-Resourcesand-Production-with-Emphasis-on-In-Situ-Leach-Mining
